and clatter. The Italians call them buffone -clowns.
The large white grubs feed on roots and can be a major pest of grass and potatoes. Now controlled by pesticides, they were once far more abundant locally. In 1574, adult cockchafers were so numerous in the Severn Valley that their drowned bodies blocked the wheels of watermills, the book describes. In parts of Europe, if not in Britain, the beetles and larvae were roasted or stewed and eaten by humans.
The book is a delight of illustration, information and anecdote about the world of invertebrates. Anyone who seeks identification from a regular guide would learn a great deal more by then turning to this book.
Bugs Britannica. Chatto and Windus. ISBN: 9780701181802.
Nigel Williams
some 2,100 species of mite so far described in Britain and 130 of them only discovered since 1973.
Of course, some of the finest pictures are those of the larger invertebrates. The great green bush cricket is one of Britain's largest insects and has attracted interest because of its distinctive sound, leading to many imaginative descriptions in the past. Current observers compare the sound with that of a free-spinning bicycle wheel or a fishing reel.
The cockchafer -'chafer' being an old English word for beetles of the scarab family -is the largest and best known scarab species in the UK. The book describes their local nicknames -'chover', 'kittywitch', 'mitchmador', 'billywitches' or 'maybugs'. Cockchafer adults become active at dusk and are attracted to light and windows, arriving with a characteristic buzz What is an imaginal disc? An imaginal disc is a sac-like epithelial structure found inside the larva of insects that undergo metamorphosis. Once the larva turns into a pupa, almost all the larval tissues degenerate and the imaginal discs turn into the external structures of the head, thorax, limbs and genitalia. The rest of the adult external structures (abdomen) originate from nests of histoblast cells that are also formed in the larva. The reason imaginal discs are of such interest to developmental biologists is that they provide a powerful system to study multiple aspects of development and biological mechanisms underlying disease; they are one of the reasons that make the fruit fly Drosophila melanogaster (which, from now on, we will simply call the fly) an excellent model organism.
Why are they called imaginal discs?
That's easy… 'imago' is a Latin word that means 'image' and is used by entomologists to refer to the mature stage of insects. The imaginal discs get their name since they are 'disc'-shaped structures that will originate the imago.
How many imaginal discs does a fly have?
There are 19 discs in total: the epidermis of the head, thorax and limbs of the fly come from 9 bilateral pairs of discs and the genitalia come from a medial disc. Their names are: labial, clypeolabral, eye-antenna (these three will form the head); humeral, wing, haltere (these will form the notum, wings and halteres); 1 st leg, 2 nd leg, 3 rd leg (obviously they are the precursors of the six legs); and the genital disc ( Figure 1A) .
Where do the discs come from?
Imaginal discs form as groups of 10-50 cells that segregate from the epidermis of the embryo. Most of these primordia invaginate and remain connected to the larval epidermis only by a thin peripodial stalk.
Quick guide

How do they develop into the adult epidermis?
The changes needed to transform a small nest of cells into a differentiated adult tissue are enormous and encompass most aspects of developmental biology (which is why imaginal discs are such a good model system). First of all, the imaginal cells have a high rate of proliferation. They can divide up to every 10 hours during the 4 days of larval life. In the case of the mature wing disc (the largest of all the discs), this results in a final size of approximately 50,000 cells. Of course, this growth has to be carefully regulated. At the same time that these cells are growing, the different adult cell types are determined.
Upon metamorphosis, the discs evert, simultaneously moving from the inside of the larva through the larval wall to the free space created under the pupal case. The discs then unfold and elongate, completing the evagination, and continue the final differentiation of the external structures of the adult. About 6 hours after pupariation, fusion between bilateral pairs of discs begins. The pairs of eye-antenna, wings, and halteres come together, and the latter two also fuse with the three pairs of leg discs. It is at this moment that they form a continuous epithelium that has the recognisable shape of the adult fly. During metamorphosis, the imaginal cells will continue to develop as different cell types, including, for example, mechanosensory organs, epidermal cells, wing veins or photoreceptors.
How do adult structures appear in stereotypical positions?
This is the essence of developmental biology! The developing imaginal disc epithelium contains precise positional information, giving rise to subdivisions of the disc into distinct domains. The initial subdivisions are the so-called 'compartments' (anterior and posterior, and ventral and dorsal). These are defined by cell-lineage restrictions, meaning that cells born in one compartment cannot cross into another, and they are affected by the expression of specific transcription factors. The cells from different compartments do not mix when the discs are growing. The next level of organization is that the boundaries between compartments form important 'organizing centers', becoming the source of long-and short-range diffusible signals known as morphogens. The morphogens are able to control the expression of transcriptional activators and repressors. The combination of all these factors forms a 'prepattern', which presages the final differentiated structure. Each region of the disc will have a different combination of prepattern genes, and these will determine different cell fates. All this makes it possible to draw a 'fate map' in the discs establishing a correlation between the different disc regions and the resulting adult structures ( Figure 1B) .
What is the three-dimensional structure of the imaginal discs?
The establishment of cell fate, as outlined above, provides a rather misleading two-dimensional description of disc development; a canvas where the combination of signals paint gene expression patterns. In fact, imaginal discs are bag-like structures, and they of course give rise to three-dimensional organs. An imaginal disc is a two-layered structure formed by a continuous epithelium (imagine an empty hot water bottle), where the two sides are distinct. One side is formed by the peripodial epithelium, a layer of flat and wide squamous cells; the other side is a columnar epithelium comprising tall and thin cells and designated as the disc proper. The cells at the junction between the two sheets have an intermediate cuboidal morphology. (A) Scheme showing the localization of the imaginal discs inside the third instar larva, left, and the adult structures they will form, right. (B) Third instar wing disc, left, and ex vivo everted wing, right. The disc and wing have been coloured to make a simplified fate map, showing which regions in the disc will form which structures in the wing. The lack of colour marks the anterior compartment. The posterior compartment is marked in yellow. On top of that, red is superimposed to mark the wing and blue to mark the notum. So the final colour code is: red, anterior wing; orange, posterior wing; no colour, anterior hinge; yellow, posterior hinge; blue, anterior notum; and green, posterior notum.
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Extending the analogy of the hot water bottle, the inside of the bottle corresponds to the apical surfaces of the squamous and columnar epithelia.
Nearly all research into imaginal disc development has been focused on the columnar cells of the disc proper -after all, they make almost all of the adult organs. But it is becoming clear that the peripodial epithelium cannot be ignored: it is essential for the eversion and fusion of the discs. There is also evidence that peripodial cells are required for growth, patterning and morphogenesis of the disc proper. So we can begin to think of the two-layered disc as a more complex tissue in its own right, with interactions between the layers driving development of the structures that will become the final adult organs.
What is the future for imaginal disc studies? Of course we can't know what will happen in the future. But recent advances make it clear that the live observation of the previously described processes is on the horizon and this will make a big difference. After all, the processes that transform an undifferentiated bag of 50 cells into a complex three-dimensional adult organ are highly dynamic; the ability to study them in real time in future, rather than by snapshots of fixed tissue, should have a dramatic effect on the next few years of imaginal disc research.
Where I can find out more?
Coriolis effect. The resulting irregular convection cells and gyres are aligned roughly north-south and generate most of the field felt by animals at the earth's surface. Because of the geometry of the field, the magnetic force lines at most locations slant down toward the nearer pole at an angle called the 'dip'.
As might be expected of an electromagnet created in such a haphazard way, the earth's magnetic field varies over time in average strength, direction, and even polarity. Near the short-term end of the scale, the north magnetic pole has wandered about 1.4° north and 3.6° west just in the last five years; this corresponds to a migration of about 175 m per day. Shifting cells and gyres are presumably at fault. At the long-term extreme, complete reversals occur (very) roughly every 300,000 years, though the last was 780,000 years ago; a reversal now would be extremely inconvenient to humans and other animals alike. Clearly, at least some creatures needing to make use of such a fickle field must be able to calibrate themselves to the field strength and direction at least once in their lifetime; some do so daily [1] .
While this dynamo theory of circulating metals helps account for more than 95% of the magnetism, there is a much more variable residual component with clear short-term effects on at least homing pigeons and honey bees. The earth's jet streams capture ions from the ionosphere and move them eastward at up to hundreds of kilometers per hour. As moving electrons, they generate their own magnetic field. The jet streams shift north and south on a daily basis simply as a consequence of the warming and cooling (and consequent expansion and contraction) of the atmosphere. From day to day and week to week they can migrate across hundreds of kilometers of latitude, changing not only the weather below but the strength and direction of the small magnetic field they induce. During magnetic 'storms' the sun delivers huge numbers of new ions to the jet streams, briefly and unpredictably amplifying this induced field [2] .
Maps and compasses
Aside from evidence that honey bees can use the diurnal variations
Magnetoreception James L. Gould
Few subjects in animal behavior have more exotic mystery than magnetic-field sensitivity. A force we cannot sense, generated by events no one completely understands, creates field lines that pass through our bodies without any evident effect on us or on them. It is an energy felt as much by migrating lobsters on the sea floor as by ocean-crossing birds thousands of meters overhead, transduced in generally poorly understood ways. Despite the blindness of humans, modern life depends on this invisible, ghostlike field. Aside from lights and heaters, nearly every electrical device we own makes use of electromagnetism, and that same magnetism is essential in generating the power these new-found necessities consume. But for many animals, the reliance is far older and more basic: their life-or-death ability to find their way around in the world depends on correctly interpreting the earth's magnetic field.
Magnetism
As any survivor of introductory college physics knows, a flow of electrons generates a magnetic field around it, while a changing or travelling magnetic field induces movement in nearby electrons. Each electron is a tiny magnetic-field generator: it has a spin (of which there are two quantum-mechanical states, 'up' and 'down') plus, if it is part of an atom, an orbital motion relative to its nucleus. The spinning produces roughly twice the field strength of orbiting. These two fields are not normally directionally correlated. For most biomagnetic effects, spin is the key element.
The precise origin of the earth's field is still controversial, though the broad outlines seem clear (by exclusion if for no better reason). The earth's outer core consists of a flowing but viscous metallic liquid. The convective transfer of heat from the radioactive inner core along with the rotation of the earth keeps the molten iron core in motion, probably in part through the
